Long-term studies have revealed that forest species composition was shifting under environment change and disturbance induced by loss of large trees. Yet, few studies explicitly analyzed their impacts on composition concurrently. To learn more about impacts of environment change and disturbance on driving forest community, we investigated shifts in functional composition over past 24 years in an old-growth subtropical forest in southern China. We analyzed nine traits that are mainly related to leaf nutrients, photosynthetic capacity, hydraulic conductivity, and drought tolerance of plants and examined hypotheses: (1) The functional composition change over time was directional instead of random fluctuation, (2) drought-tolerant species increased their abundance under soil dryness, (3) both environmental change and disturbance related to changes of functional composition significantly, and (4) initial trait values of quadrats strongly influenced their subsequent change rates in quadrat level (10 × 10 m). We found that species composition had shifted to favor species with high leaf nutrient content, high photosynthesis rate, high hydraulic conductivity, low water-use efficiency, and high drought tolerance traits, which was due to soil dryness and disturbance. These two factors explained 47%-58% of quadrats' trait value changes together. Considering rapidly increasing stem density, this pattern may indicate ecological processes of which disturbance provided numerous recruits of resource-acquisition strategy species and soil dryness conducted a selecting effect on shaping composition in the forest. Additionally, quadrats with initial trait values at the far end of change direction shifted faster in three traits, which also indicated that functional composition changes in quadrats were directional and homogenized. Our results implied that environment change and accompanied disturbance events possibly drove species composition change along a different trajectory in the subtropical forest that experienced high climatic variability.
Introduction
Climate changes have altered the physical environments (e.g., soil moisture, temperature, and water vapor pressure deficit) of plant communities and shifted community species composition due to the fact that different functional groups, plant genera, and species respond divergently to climate change [1] [2] [3] [4] [5] . Based on long-term monitoring forest plots, several recent studies reported that climate change, especially drought, induced community composition to be shifting towards more dry-tolerant individuals and genera in Central American forests [1, 6] , West African forests [7] , Amazon forests [2, 8] , and some temperate forests [9] . Despite these well-documented changes, disturbance induced by tree mortality almost follows climate change and is possibly one of the most important factors of restructuring forests, but few studies have explicitly analyzed impacts of disturbance and environmental change on functional composition concurrently.
Studies found that drought events would shift community composition. For example, dryness adaptation, high wood density, and canopy species increased their abundance over time in Central American forests [1, 6] . This pattern was also observed in more than 100 forest plots in South America [2] . However, other long-term researches reported a distinct pattern that drought favored shorter lifespan, smaller size, fast growing, and rapidly reproducing species in some subtropical and temperate forests [5, [9] [10] [11] [12] [13] . Why are responses of species composition inconsistent across forests? A rethink of the interaction between environmental change and accompanied disturbance events may contribute to understanding this question.
Disturbance due to loss of massive basal area and biomass has important impacts on community composition. Drought events often induced disturbance by mortality of large trees, but their intensities were very different across forests. For instance, long-term forest-monitoring studies found loss of basal area in some temperate vegetation and subtropical forests [9, [11] [12] [13] , nonsignificant change of biomass in Central American forests [1, 6] , and even increasing basal area in West African forests under drought [7] . These forests' stem densities increased, showed no change, or decreased, respectively. Disturbance usually increased the recruits of fast-growing species (high leaf nutrients, photosynthesis rate, and hydraulic conductivity) occupying resources left by tree death [6, 7] . Therefore, disturbance effects on community composition would be completely different across forests. Nevertheless, we usually dodged disturbance impacts on forest composition in our analyses.
In our study site, previous studies have demonstrated that changes in regional warming and precipitation patterns led to decrease in annual relative humidity and soil water contents within root zone in past decades [14] . Many large trees suffered water stress and were lost from the monsoon evergreen broad-leaved forest. Environmental change and disturbance simultaneously impacted on the forest' species composition. Species assemblage, abundance, biomass, and demographic rate of the monsoon evergreen broadleaved forest have significantly changed [13] . A population-level study demonstrated that the functional traits determined abundance dynamics of dominant tree species in this forest [10] . Therefore, this monsoon evergreen broad-leaved forest is a good model forest to test disturbance and environmental change impacts by using the matched long-term census, functional trait, and soil moisture dataset. In the present study, we aim to test the following four hypotheses: (1) The species composition change over time was directional instead of random fluctuation, (2) droughttolerant species increased their abundance under soil dryness, (3) both environmental change and disturbance related to changes of functional composition significantly, and (4) initial trait values of quadrats strongly influenced their subsequent change rates in this old-growth subtropical forest.
Materials and Methods

Study Site
The study was conducted in Dinghushan natural reserve (DHS, 23.17° N, 112.56° E) located in the middle of Guangdong Province in southern China. The site is controlled by a typical monsoon climate. DHS's mean annual temperature is about 22.5 °C and mean annual precipitation is about 1719 mm with marked seasonality, of which less than 20% falls in dry season (October to March). The mean annual relative humidity is 77.7%. The soil depth usually ranges from 50 to 80 cm. The dominant vegetation is the monsoon evergreen broad-leaved forest, a regional climax of subtropics [13] . The dominant tree species in this forest include Castanopsis chinensis Hance, Gironniera subaequalis Planch, Syzygium acuminatissimum (Blume) DC., Aidia canthioides (Champ. ex Benth.) Masam. and Macaranga sampsonii Hance, etc. Canopy height and coverage are more than 20 m and 95%, respectively. DHS reserve was set up in 1956 to conserve the monsoon evergreen broad-leaved forest.
Community Surveys
A 1-ha permanent plot was established at the core area of DHS to monitor the regional climax vegetation [13] . According to a 14 C dating study [15] , the forest ecosystem has not been heavily disturbed for more than 400 years [16] . Community censuses were performed regularly following a standardized protocol and, in total, seven community censuses (1992, 1994, 1999, 2004, 2008, 2010, 2015) were done. Briefly, all living stems ≥1 cm in diameter at breast height (DBH, 1.3 m) were labeled and measured, and the species and status (disease and insect status; suppressed or dominant; health conditions) of each labeled individual were identified during each census.
Soil Water Content
Studies at the same site demonstrated that soil moisture, especially in the dry season, was possibly the most important climatic variable impacting vegetation under climate change [12, 14] . Soil moistures were measured using gravimetric sampling method in soil layers (0-15 cm, 15-30 cm, 30-45 cm, and 45-60 cm) with a 30 mm diameter auger monthly (more information in Zhou et al., 2011) . In the present study, we collected and updated dry season soil water content (SW) in main root region (the top 50 cm layer) in DHS plot from 1993 to 2015 ( Figure 1 ).
Figure 1.
Temporal changes in quadrats' basal area (BA, cm 2 ; ln, natural logarithm transformed) and stem density (SD), and dry season soil water content (SW, mm) in the top 50 cm layer in DHS plot. Area of a quadrat is 100 m 2 . Error bars are standard errors. Trees suffered soil water stress when SW was below gray line (117.64 mm) in DHS plot according to Zhou et al. 2011 [14] .
Functional Traits
Previous studies have measured abundant plant functional traits at this site and full methodological details are given elsewhere [10, 17] . In this study, we assembled a database of 9 functional traits of a total 92 tree species from these papers. These functional traits were mainly related to leaf nutrients, light-capturing strategy, hydraulic conductivity, and drought tolerance of plants [18] [19] [20] . The database embraced about 98.0% individuals and 79.3% species ever appearing and labeled in the plot in the period of 1992-2015. Leaf nitrogen concentration per unit mass (Nmass, Year BA SD mg g −1 ), leaf phosphorus concentration per unit mass (Pmass, mg g −1 ), leaf nitrogen to phosphorus ratio per unit mass (N/P), and specific leaf area (SLA, cm 2 g −1 ) are key components of the leaf economics spectrum and could indicate the growth strategy of plants [19, 21] . For instance, plants with high leaf nutrients and SLA are acquisitive resource-use species and have a high growth rate. Maximum CO2 assimilation rate per unit mass (Amass, nmol g −1 s −1 ) indicates photosynthesis rate of plants [20, 22] . Sapwood-specific hydraulic conductivity (Ks, kg m −1 s −1 MPa −1 ) and instantaneous photosynthetic water-use efficiency (WUEi, μmol mol −1 ) represent important hydraulic characteristics and water use strategy of plants [10, 17] . The pressure causing 50% loss of stem hydraulic conductivity (P50, MPa) are key traits in assessing the stem xylem vulnerability to cavitation [10, 18, 23] . Additionally, sapwood density (WD, g cm −3 ) is a key trait with wide relationships with other traits. Plants with high WD usually have characteristics like low mortality and growth rate, and conservative resource use [18, 24, 25] .
Analytical Approach
We subdivided the 1-ha DHS plot into 100 quadrats (10 × 10 m), and calculated the mean trait score of every quadrat at each census weighted by relative abundance. To test whether there were changes in functional composition at DHS plot over the past 24 years, we investigated directional shifts in functional (9 traits) composition by assessing trends over time of these quantities for quadratlevel means. Moreover, to test if these changes were random or if they were associated with disturbance and soil dryness, we assessed trends of quadrats' functional composition changes over basal area or soil water sequence for quadrat-level means. Quadrats' initial basal area and trait values were also related to subsequent change rates to assess their effects.
Trends in Functional Composition
To assess changes over time in the trait composition, we used a similar method from papers [2, 6, 7] . This method included three steps: Calculating quadrat-level trait value for each quadrat at each census, calculating the rate of change in each trait for each quadrat, and finally, determining if the mean rate of change across all quadrats was significant and directional. First, for each trait (Nmass, Pmass, N/P, P50, Ks, WD, SLA, Amass and WUEi), the quadrat-level trait score for each census (j) was calculated as
where S is the species richness of a quadrat; Ti is the functional trait of ith species in the same quadrat; pi is the relative abundance (stems) of species i in the quadrat. Second, the annual change rate of each trait was calculated as:
where qCWM1 is the quadrat-level trait score in initial census, qCWM2 is the quadrat-level trait score in final census, and t is the census interval (years). Considering distinct patterns of community structure and soil water content (Figure 1 ), we calculated the annual change rate of each trait in 1992-2004, 2004-2015, and 1992-2015, respectively. Third, to test if the change in each trait was significantly different from random fluctuation, we calculated the mean change rate and the corresponding 95% confidence intervals (CI) by bootstrapping across 100 quadrats (5000 resamples) and used binomial test to determine if the change was significant and directional (i.e., number of subplots increasing or decreasing significantly different from 50%) (p value <0.05). Additionally, we tested the relationships between quadrats' initial trait values and subsequent change rates (1992-2015) using simple linear regression to indicate the influence of initial functional composition.
The Influence of Disturbance on Functional Composition
Studies claimed that community or quadrat-level functional composition might be undergoing succession from past and present disturbance, and basal area (BA, area at breast height) and its change could approximately reflect disturbance [6, 7] . First, we tested influence of past disturbance by assessing the relationships between quadrats' initial BA and subsequent rates (1992-2015) of change in trait values using Spearman rank correlations. Second, to test the influence of present disturbance, we assessed trends of quadrats' functional composition changes over BA sequence for quadrat-level means. Considering possibly cumulative and lag effects, this method involved calculating the change rate of each trait and BA for each quadrat between 1992 and consecutive censuses (i.e., 1992-1994, 1992-1999, 1992-2004, 1992-2008, 1992-2010, and 1992-2015) according to Equations (1) and (2); regressing the change rate of each trait vs. BA for each quadrat; and finally, using idem bootstrapping and binomial test to determine if the slopes were significant and directional (p value <0.05).
The Influence of Environmental Change on Functional Composition
Similarly, to test the influence of environment change, we assessed trends of quadrats' functional composition changes over dry season soil water content (SW) sequence for quadrat-level means. We followed three steps: Calculating the change rate of each trait for each quadrat between 1992 and consecutive censuses, and averaging dry season SW in corresponding periods; regressing the change rate of each trait vs. averaged SW in the same period for each quadrat; and finally, using idem bootstrapping and binomial test to determine if the slopes were significant and directional (p value <0.05).
Partitioning Effects of Disturbance and Environment Change on Functional Composition
For partitioning effects of disturbance and environment change on functional composition, we firstly calculated pure effect and share effect of SW and BA on trait value changes as derived from adjust R 2 ('0' replaced negative value) of variation partitioning analysis (using R (R Foundation for Statistical Computing, Vienna, Austria, version 3.5.3) package 'vegan') for each quadrat [26] , and then we assessed the mean pure effect and share effect of SW and BA for each trait by bootstrapping across 100 quadrats (5000 resamples), respectively.
Results
Community and Soil Water
The DHS plot experienced stem density (SD) increasing and loss of basal area (BA) over the past 24 years and it could be divided into two distinct periods: 1992-2004 and 2004-2015. In the former period, the forest lost BA while SD decreased slightly. In the period of 2004-2015, the forest experienced explosive increasing of stems. Dry season soil water content (SW, mm) in the top 50 cm layer in DHS plot changed and trees were stressed by low SW (less than 117.64 mm) in most of our study period [14] (Figure 1 ). Figure  A1 and Table A1 ). ; (c) leaf nitrogen to phosphorus ratio per unit mass (N/P,); (d) the pressure causing 50% loss of stem hydraulic conductivity (P50, MPa); (e) sapwood-specific hydraulic conductivity (Ks, kg m −1 s −1 MPa −1 ); (f) sapwood density (WD, g cm −3 ); (g) specific leaf area (SLA, cm 2 g −1 ); (h) maximum CO2 assimilation rate per unit mass (Amass, nmol g -1 s -1 ); (i) instantaneous photosynthetic water-use efficiency (WUEi, μmol mol −1 ). Asterisk indicates bootstrapping p values (*, 0.05~0.01; **, 0.01~0.001; ***, <0.001). Binomial test results and other information are provided in Table A1 .
Trends in Functional Composition
The Influence of Initial Functional Composition
For the relationships between initial functional composition and trait change rates (1992-2015) of quadrats, Nmass (R 2 = 0.48, p < 0.001), P50 (R 2 = 0.25, p < 0.001), SLA (R 2 = 0.11, p < 0.001) and WUEi (R 2 = 0.41, p < 0.001) change rates all negatively related to initial trait values, respectively, while the other five traits' change rate had weak or nonsignificant relation to initial trait values (Figure 3) . ; (c) leaf nitrogen to phosphorus ratio per unit mass (N/P,); (d) the pressure causing 50% loss of stem hydraulic conductivity (P50, MPa); (e) sapwood-specific hydraulic conductivity (Ks, kg m −1 s −1 MPa −1 ); (f) sapwood density (WD, g cm −3 ); (g) specific leaf area (SLA, cm 2 g −1 ); (h) maximum CO2 assimilation rate per unit mass (Amass, nmol g -1 s -1 ); (i) instantaneous photosynthetic water-use efficiency (WUEi, μmol mol −1 ).
Basal Area and Functional Composition
Correlation analysis shows that quadrats' initial basal area (BA) had nonsignificant or extremely weak impacts on subsequent change rates of all trait values (Table A2 ), but BA change in the research period had significant influences on annual change rates of quadrats' functional composition in six traits. According to Table 1 , quadrats' BA change rates had significant and directional relations with the change rates of Nmass, Pmass, P50, Ks, Amass, and WUEi, while its relations with the change rates of N/P, WD, and SLA were not significant (p > 0.05). Note: Ni indicates number of quadrats with positive slopes. Nmass, leaf nitrogen concentration per unit mass (mg g −1 ); Pmass, leaf phosphorus concentration per unit mass (mg g −1 ); N/P, leaf nitrogen to phosphorus ratio per unit mass; P50, the pressure causing 50% loss of stem hydraulic conductivity (MPa); Ks, sapwood-specific hydraulic conductivity (kg m −1 s −1 MPa −1 ); WD, sapwood density (g cm −3 ); SLA, specific leaf area (cm 2 g −1 ); Amass, maximum CO2 assimilation rate per unit mass (nmol g −1 s −1 ); WUEi, instantaneous photosynthetic water-use efficiency (μmol mol −1 ). Table 2 shows that dry season soil water content in the top 50 cm layer (SW) significantly influenced the annual change rates of quadrats' trait values. SW had significant and directional relations to the change rates of Nmass, Pmass, P50, Ks, Amass, and WUEi, while its relations to the change rates of N/P, WD, and SLA were not significant (p > 0.05). Note: Ni indicates number of quadrats with positive slopes. Nmass, leaf nitrogen concentration per unit mass (mg g −1 ); Pmass, leaf phosphorus concentration per unit mass (mg g −1 ); N/P, leaf nitrogen to phosphorus ratio per unit mass; P50, the pressure causing 50% loss of stem hydraulic conductivity (MPa); Ks, sapwood-specific hydraulic conductivity (kg m −1 s −1 MPa −1 ); WD, sapwood density (g cm −3 ); SLA, specific leaf area (cm 2 g −1 ); Amass, maximum CO2 assimilation rate per unit mass (nmol g −1 s −1 ); WUEi, instantaneous photosynthetic water-use efficiency (μmol mol −1 ).
Soil Dryness and Functional Composition
Partitioning Effects of Soil dryness and BA on Functional Composition
According to analysis (Figure 4 ), SW accounted for 14%-21% of total variance, while BA accounted for 10%-19% of total trait value variance for nine traits. It is worth noting that BA's effect (19%) was higher than SW's effect (14%) for SLA. The shared variation of SW and BA was 12%-18%. SW and BA accounted for 47%-58% of total variance together. Pmass, leaf phosphorus concentration per unit mass; N/P, leaf nitrogen to phosphorus ratio per unit mass; P50, the pressure causing 50% loss of stem hydraulic conductivity; Ks, sapwood-specific hydraulic conductivity; WD, sapwood density; SLA, specific leaf area; Amass, maximum CO2 assimilation rate per unit mass; WUEi, instantaneous photosynthetic water-use efficiency. More information is provided in Table A3 .
Discussion
Here, we report the first functional composition change and its relations to disturbance and environment change in subtropical forest. Over the past 24 years, the species composition in the monsoon evergreen broad-leaved forest in DHS plot has shifted to favor species with high leaf nutrients, photosynthesis rate, hydraulic conductivity, low water-use efficiency, and drought tolerance (lower P50 value) traits (hypothesis 1 and 2). Quadrats with initial trait values in the far end from change direction shifted faster in traits of Nmass, P50 and WUEi (i.e., quadrats with lower initial Nmass have higher subsequent change rate in study period), which was directional and pushed functional composition toward a more homogeneous state in community level (hypothesis 4). Moreover, our study suggests that disturbance and soil dryness under climate change are important in shifting functional composition and they explain 47%-58% of quadrats' trait value changes together (hypothesis 3).
Our results show that the changes of functional trait composition over time are significant and directional. This pattern is unlikely recovery from past disturbance (Table A2 ) and significant influence of initial trait value (Figure 3 ) also implies that present stochastic disturbance events in quadrats are not the dominant impacted factor. Increasing drought tolerance (Hypothesis 2) was supported by our result (Figure 2) and it was likely due to soil dryness but not disturbance because decreased BA in study period related to positive change of P50 value (lower drought tolerance, Table  2 and Table A2 ). This result is consistent with drought-induced mortality pattern across the world [23, 27] . Studies in Amazonian and West African forests also observed that community composition shift towards more dry-tolerant individuals [2, 6, 7] .
Moreover, the periods of 1992-2004 and 2004-2015 were distinct and one would expect that disturbance would interrupt or inverse the effect of soil dryness on functional composition in DHS plot. However, six of nine trait values had the same trends in the two periods which indicated that soil dryness had consistent influences on shaping functional composition in the mortality or recruitment dominance periods across disturbance. According to variation partitioning analysis and Studies claimed that high Ks and Amass trait values might allow species to have the advantage of photosynthesis in short wet intervals during the dry season [10, 28] . Taking it one step further, we hypothesized that environment change forced community-level ecology strategy to shift from conservation (K-strategy) to resource acquisition (r-strategy) with drought tolerance because increasing mortality was adverse to K-strategy species in maintaining population size but r-strategy was good at occupying resource leaved by tree death and benefited from increasing recruitment rate [5, 29, 30] . This hypothesis could be supported by our observed patterns that r-strategy (high leaf nutrients, photosynthesis rate, hydraulic conductivity, and low water-use efficiency) and drought tolerance species increased their abundance, and disturbance (BA) explained appreciable variance (27%-36%) of trait changes. Namely, disturbance provided numerous recruits of r-strategy species and dryness conducted selecting effect on shaping recruits. Many previous studies also found that species with characteristics of resource acquisition, shorter lifespan, and smaller size attained demographic advantage in droughts [5, 9, [11] [12] [13] . Nevertheless, disturbance and environment change might have the same or opposite effects. For instance, disturbance and soil dryness had synergy on Nmass while intense disturbance effect could counteract soil dryness effect on change of SLA value in study period (Figure 2 , Table 1 and Table 2 ).
Our results may explain inconsistent responses of species composition to drought across forests in some extent. Continuing mild drought was the main influence pattern in some longer-term forest monitoring study and it was usually observed in sites that experienced decades of low rainfall. If this is the case, temporal shift of community composition under climate change is like spatial change of vegetation along environmental gradient [1, 2, 6, 7] . Community composition would shift towards more conservative, dry-tolerant, deciduous individuals. On the other hand, it is a common phenomenon that many sites like DHS plot met increasing precipitation seasonality and frequency of extreme rainfall events but nondirectional annual rainfall under global changes [14, [31] [32] [33] . Tree species with r strategy and drought tolerance have good performance in these sites with high climatic variability but rich resources. Considering critical points and time lag effects of tree mortality and recruitment [13, 34] , environment change and accompanied disturbance events possibly drive species composition change along a completely different and non-linear trajectory in these regions.
Conclusions
Our study demonstrated that (1) the species composition change over time was significant and directional, (2) drought-tolerant species increased their abundance under soil dryness, (3) both environmental change and disturbance influenced on changes of functional composition significantly, and (4) initial trait values of quadrats strongly impacted their subsequent change rates in this subtropical forest. The forest shifted to a community dominated by drought-tolerant and acquisitive resource-use individuals under changing environment. This pattern is distinct from community shifts in Amazon and African forests and our study provides a perspective insight into the temporal shifts of community composition in subtropical forests that experienced high climatic variability. These changes of the monsoon evergreen broad-leaved forest might affect forest ecosystem services, such as carbon sequestration and biodiversity conservation. Our study contributes to understand composition change of this typical subtropical forest under climate change. Acknowledgments: Data associated with this manuscript are deposited in Dinghushan forest station at http://dhf.cern.ac.cn/. More detail information please contact with corresponding author. We thank all researchers and students who were involved in the field censuses.
Conflicts of Interest:
The authors declare no conflict of interest.
Appendix A
Note: Nmass, leaf nitrogen concentration per unit mass (mg g −1 ); Pmass, leaf phosphorus concentration per unit mass (mg g −1 ); N/P, leaf nitrogen to phosphorus ratio per unit mass; P50, the pressure causing 50% loss of stem hydraulic conductivity (MPa); Ks, sapwood-specific hydraulic conductivity (kg m −1 s −1 MPa −1 ); WD, sapwood density (g cm −3 ); SLA, specific leaf area (cm 2 g −1 ); Amass, maximum CO2 assimilation rate per unit mass (nmol g −1 s −1 ); WUEi, instantaneous photosynthetic water-use efficiency (μmol mol −1 ). Error bars are standard errors of quadrats' functional traits. 
(h) Amass
Year R 2 = 0.96, P < 0.01 Note: Ni indicates number of quadrats with increasing trait value. Nmass, leaf nitrogen concentration per unit mass (mg g -1 ); Pmass, leaf phosphorus concentration per unit mass (mg g -1 ); N/P, leaf nitrogen to phosphorus ratio per unit mass; P50, the pressure causing 50% loss of stem hydraulic conductivity (MPa); Ks, sapwood-specific hydraulic conductivity (kg m -1 s -1 MPa -1 ); WD, sapwood density (g cm -3 ); SLA, specific leaf area (cm 2 g -1 ); Amass, maximum CO2 assimilation rate per unit mass (nmol g -1 s -1 ); WUEi, instantaneous photosynthetic water-use efficiency (μmol mol -1 ). Note: Nmass, leaf nitrogen concentration per unit mass; Pmass, leaf phosphorus concentration per unit mass; N/P, leaf nitrogen to phosphorus ratio per unit mass; P50, the pressure causing 50% loss of stem hydraulic conductivity; Ks, sapwood-specific hydraulic conductivity; WD, sapwood density; SLA, specific leaf area; Amass, maximum CO2 assimilation rate per unit mass; WUEi, instantaneous photosynthetic water-use efficiency. Note: a, SW pure effect; b, SW and BA share effect; c, BA pure effect; r, residual. Nmass, leaf nitrogen concentration per unit mass; Pmass, leaf phosphorus concentration per unit mass; N/P, leaf nitrogen to phosphorus ratio per unit mass; P50, the pressure causing 50% loss of stem hydraulic conductivity; Ks, sapwood-specific hydraulic conductivity; WD, sapwood density; SLA, specific leaf area; Amass, maximum CO2 assimilation rate per unit mass; WUEi, instantaneous photosynthetic water-use efficiency.
(i) WUEi
